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1 ,iquid crysial  tulIalJc fillm arc msc.fl]l ill lmiklillg compacl multi- slmlla] ills[runmlts.  ‘1’IIc  syslclII  is
]mrlalk aIId adaplablc for usc in a varicly of folds 0(’ slIId y ill l}IC visibk  aIId llc.:ir-illr[tlr~(l ]cgiolls Or tlm sjmtrm.

WC w;]] jwcscn[ (Iaui rrom  ml ibraliw]  largcls aIt(l some.  aj)plical iollsj I mills of the slmml ml ibra[iwl of a
s]mlromc.lcr sys(cm], and lcsulls of c.i]l~irotllllc.rll:il  (vit)~alio]l, radiation, stmck, and [Imnal) tcslillg. l)a[a
aquisilion  and syslm dc.sig[l arc ah discussc41.

‘1’IIc compacl inmging spcdrmc.lcr uses a liquid cl ys(;il lLIIIal)lc  fil[cr  (1 Cl ‘};)  for wavclciI[:llI  sclcc(iolt in
ima~c c.a])turc. A CC1 I came.ra looks lhrougl]  a 1 C’1’1 ~ al :iII i Iluminatcd olJjcLt of iulc.rcsl aIId c.al)lurcs data cube.s by
sclc.clillg a wavclc.]lgll  I and laking all inl:igc rq)ca[cdl  y ul]til aII ctd il c da(a culm is loIIIIc.  d. 111 Iagcs  all(l  IIGKIC.I

ill fmnalioll  arc, savd in bald  sc.qm](ial  (11S<))  fw m.

Cmqmcnls  of the syslc.m arc. a scicm[iric gIadc siliml CC1) aIIay; a Ic.lqholo ICJIS IIIOIII11C41  10 h mncra;
aIId a I .iquid Cryslal  “J’unable filter. l)rcscnlly  ill uw is 1 6-lJil camera willl 1024X 1 ()?.4 ])ixc.ls  for IIIC Icgio[] ml 10
1.1 pm aIKl a thermal imaging camera with 256x250  pixc.ls for (k ~cgiml frml  1.1 -?.4 pm. A l?-bi[  silicm  KIJ
army of 1 536x1024 pixds  has also l) C.Cft I usc.d Successfully. ‘1’tm lclcjholo  Ic.lls bc, it]g  used wilt) tlIc  CC1) is
dcjhmlcJI[  upon (IIC ajtplicalion.

1 ,(:l’l;s arc continuously [unable. over a givm] slIc411al ralI[[c., lIavc Inilliscmd hlllitlg slmxls, and WI bc
tuIIcd raldmnly. CuIIcml  filtm  cover 400-7? ()” 11111, (X)( )-1 100”11111, aIId 1.1-2.411111. A tyl)ic.al visible fil[cr  lm a
nomild 10 m lmdpass :iII(i can k [Lmc(i in slc.i)s as small :i~ ().1 mII. ‘1’IIc  1 C’l’l:  imstmri(i  iIIcIcascs wilt]
wave.lcllgth, for a nominal 1() nm lmI(i  Imss:
Iiqualioll 1:

timrcforc. the spcclrai  Ixll](iwi(ilh of a filtc.1 CaII railgc frml  5-16  nm. ‘1’]ansmissioll  alw varies as a fullc[iol]  of
wave.lcrlg[iI, cxlcrtdir]g  from apptoximalciy  5% ill [hc It]uc Icgioll q) 10 ltcariy 60% al 700” III)] for lhc visit)]c  f]llcrs.
1 .(;’l’l;s arc low mass an(i lmwcJ- ad aJc suilat)lc  for ]JlalIclaIy nlissim)s.

A coJIyIlm SC( of cl)\riroJ]Jl)ctlLll Icsts  was pcI f(m)cxl  011 (k iiquid CJ)’SIII1  lutmb]c!  filtcJs. IJI lIIc. vibration
IcNs, lk flil(’.r  J’CCC.iVC.(i,  WittlOUt (i:lJIM&, LIIJ 1030 ~ OJI ~ :{XCS  (:ltWC.  (kWilli aII(i  ]<oscIM in.r(ru))M’11[  lcwis)  aIKi
shock lcsl.s u]) 10200  g al a maximum of 3(W  117. (Gssini ard  Umm]mlliml  ill.$(ruvwll[  kvcls).



1 ,iquid cryshl  tunable fil(c.l-s  c.crllsis( d ]mhr iml-s, glasses, (ymx its, and liqu id crystals. OL1l-gassillg of lIIC
com]mlIc.ills c~In danla~y other illstn]mllt  ol)tics. Several d IIIC C.mII]mIICIIM  wc.rc. folli]d in the NASA
‘1’l)cr[]l:ll~:~cl]llll)  1 M[almsc, two crthcrs  were tc.s[cd. lloth ]MWC41 LIK SMI I(1 it)g J1’1. rcqu imnc.l)ls  for II Ie.llll:ll/\I:ic LIIIIII
PCI format m

A working filter undcrwcml rcpmtcd tlmrmil cycling from -300(;  [o room Mqxmturc,  over tlIc. dura[i(m  of
oIIc. year alId COnlinuc(l to f’L]ilc[io]l. A filmr also LIIIdC.I  WCIII IIICIIIIal  cyclin~ from room tcl]l]n’alurc. 10150 Kc.lvil]
willml (iclanlinatirm of hc stages or 10ss of fu[lc(iwmlily of ttm fil[cls.

I ‘ivc liquid crystal cc.lls and [hrcc ]mlarizc.rs uldcrwcIi[  a ra(ii:i[iol] tcsl wi(h a coball-60 y scml cc al
5/1 ()/1 5/?[)/1 000” Krds. A dose rate of 1 rid ]w.r sccwd  allowed for S(MIIC.  sc.lf-a(  lllc.al illg ill IIIC cc.lls. Ol~t ical aIId
chxtm-opliml  pmpcrlicjs  of al I lhc male.rids Wctm mcasLIIcxl af[cr cad radial ion cxjmurc,  ilwludil)g  the tmsm issim
of lhc. hlk rclardc.r’s  and lm]ymc.r’s,  ]mhu’izc.r  Cxlinclion,  alIfi Wa[mlissiml aIId C.lcclroq)lical tuilillg  (rclardalm  vc.r’su<
applied VOIWC.)  of the liql]id crys[al CCIIS. ATIY  chail~c.s in [Lmil]g  with Iadi:ition will show w m shills ill h
lmsbawl  w:ivclcmgtll an(i ilmcaws  itl oul-of-balld lrdlmliwioll.
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l’igurc  1. llctardatm Sllifl  of liquid CIysl:Il  cell 1; for dI:\TIgcs  ill ca]wilatm with  d]ivc  v o l t a g e .

Siim lhc. tlltling, of lhc. dcvicc is accollq)lisld c.lc.clro-ol)liclilly,” ll12tl Inralllclcd l]Iusl also k c.x:tmillcd.
‘1’krc  is a shif(  in the, Iuninx al any WWVCICIIELII of a sill~lc S[:IEC of LIIC.  I Cl’}; givm]  by A ?.+d),+  ~)/?.C,. 41 is LIIC. .
rctmlancc  ~nrdmctcr calculated from tlIc I-ad ililim~ dab. “llIc nlaximm value. for r+ is -lo IItn, llmrc.fore, al 800” nnI
witl] a dk of 10 DIN  IIIC tu])i]]g sl]ifl  is oIIly 1 11111  (lo% of IIIC.  lWllh4).

Wl):l[  is il]]p~r(:,l]t ]]~rc, is ~]I[\l l]VJ S}ljfl is wC]] Wi[}]il] (1YJ self-c:]lil~t:iti(~l] range Of :1111 C1’f( film. ‘1’k

fillc.r CaII rctum ils wavclcrJgllI  calilmliml  will) a sitlglc flxcd wave.lc.rIgllI from a l:iscr  diode. III fac.1, llml is how llIc.
tuning mrvc  for cac.h fillc.r is dctcrmincd  at Ihc factory; lhosc tunill~  CLII m arc ttm Imr[lc<l ill[o firlllwa[c  for llIc



COII(IOIICT. A Iligl)t  imslrL]nml  would naturally Imvc such a calitmliml  ca]mbilily anywmy.

I )arkcming  was ttm major c. ffcct was for all (I1c ol)[ical c.om]mlcll[s (including Lhc slwd  polarims). A 10SS

of lC,SS tlmn 15% at 20 Kml  was scm for the visible ]x)larizcrs. Quark  samples also slmvcd  a -().5%:} 0.5%
transmission loss. CYmging  lhc. filler to a Sole dc.sign ilmlc.a(i of [he pruc.nt 1 .yol dcsig[l  usc.d would dccrcasc the
Ilumbc.r of Jmlarizcrs  ill lhc syslcm,  rdmir]~ ladialio]~ cffccls and ilm’c.tlsi]lg syslclII lransl))issioll.

Wavclcmglh  accuracy  iild lmidwi(ith  wc.r c mc.asL1tc41 a helium-moll law. 1 ‘irsl,  (Ilc spcclromclcr  funclio]l
w':is]]]c~isllrc~l  il~or(lcr  tcJ])r()]~crlyc alil~ratcll lclIc. -Ncill] :t~c.clll Jc.Aciil iljr:itc~lNIS'l 'stiil](l;tr(l looOWa IIbu lb”
I]lliforlllly  illllillill:]tc.s:l  loitlch s]}cctr:iloll]j:lllcl  lhroL]p,lla circlll:ir ll:lfllc:il adis[ancc.of  50cm;  [hccaIIIcra

spcclr(mckx is SX-up al an ang]c to IIIC panel. ‘1’his w:is llsc.(i  to dc.let In ilm tlIc. rcqmrlsc  of tllc slJc4!lrolmlcr  syslcn).
lk]llatioll  2:

avclagc(l)r+kl)
Rc.qxmsc=  -

IlcJrl]l:41  izc.cl(ll}()(K)wr  *: Rl)dlld)

Usin~ Ihc calculated sour-cc c.haractcristics  (dcrivd froIN tlm k[mwi Imicl rc.flcdalm  aId kimwn  hlb irladiaucc)
allows the spccmmc.lcr  mpom to bc dc.rivd  dircdly  front  llIc irnagc cLtbc. Ncxl, a IIc-Nc laser illumi]mlc..s lIIC
l):ltlcl,:i sill] ])lclc]ls cxlJ:it~(lst l~cl~c:~r]~,:i  rl(l;i(l if fllscrll l:tkcstl lcilllll]]il~titi(  ~tiLlrlif()rll]  ;lcrc)sstl  ]c]):ll~cl,  An image.
cl]lJci sca]ltl]rc4io  \’crtllcl-:illgc.of 6()()  -66() 11111:11 ?llllls lcl)s(l llc.fillcrtls c(lll:~sa])]  )1'c)xilll:\lc.ly:l  lollr]lt~;]l](l]~ztss).
S]wclr(~l]]ctcrrcsl  x)]lw,ciil clll:ltc(lc:ir licr,isil]l crlx)l[ilc41:tll(l  ll()rl]l:ilizc(l(  )vcrtl  Ic\\:t\'clc Ilglllfilr]gc()f  illlcrt:slfc)i use.
willllllc  irll:lgcc lllw.(liltil. Ihcll  slice.of lllcilll:igc.c Lll~cis:l vcr:ip,c41:i1  l(lc:ilclll:ili(  )lls(lo ilc()r]l>( )tllztv cr-iif,cs:ill(l
ill(livi(lllal]~ixcls.  Datafrom  tl]c Ilc.-Nc  l:isc.r- iscorrcc[c4l  by dividin  gout tltc])[ll~c] rcs])()~tsc:l]i(l:]  sil]]l~lc g:il]ssi:il]fil
(lclc.rl~]illc.st llc.]~c.:ik :il~(lwJi(llll  (~ ftllc. l:isc.rl)c.:llll sollrc.c.. Asscc.lli l] fip,~lrc2, lllcsl)cclr()]]]  clcr(l:  il:it]: \stllc.lw. :ik:il
632.3711Jn willl:l  fi]ll M~i(l[tl  tl:\lflllaxir]lilll} ()ll?.G/llrll. 'l'tlcs tliflfr()][ll  llc])c:ikis ().4311 lll,wclltJc. l()~'lllcfil(c.r
]c.l)lo(lllcil~ility orAk= o/8  (AL =12.6-/  nm / 8 = 1.58 IIIU).

600 610 (.;2.0 (i:+() G’1 o 650 G(;O

WiiV(Yl(!ll[{lll  (11111)

I~igulc ?. lll[cnsily l’]ofl]c  of a 11[’-h’c  kiscr colnp8rd  wi[li s[wclronwlcr  rc,sul{s
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A sinlilar cx]mimic]]i  was dorm will) LIIC. sl)cc.ltol]lclc.r  focwsc(i or) tim exit slit of a ll]()]l(w.llr()l~l:ll()r  usiufi
various slit widll]s zmi wavclcng[i)s.  WavclcIIg(il caliimlimls  using  (iIc. lllotlc)cilrc~tlli~t[)l-  bc.imvc silnilarly as Show]i
wilh liw laser lilm. As cxpcxl(xi,  lhc slit wi(illl doc.s ml have, an affc.c( 011 tlIc. fLIll widtil  imlf nmximun~ or li~c l)cak
Wavclcl  lg(il .

1 d)s~dmc  color largcxs aII(i a 99%  rcfkxlancc lar:,cl  (J .aI)sI)iIcI c S]mlrak)lI)  aw u.scxi 10 cmIjIarc  liIc m I mrd
spcl.lromclcr  dala dircxlly  wilil 1 .absi)lwm’s  Caiibrnliotl. Sircclralwl  targc.ls arc used as rcfcrcxm ald al c uscli to cmcd
the color targcl images. Rcficctalws  arc. talc.ulakxi :is simw]l Mow:
l’jqualion  3:

(l) Ncd,lr/ziarF.cI  - bi:is - dark)
Rcflcdancc.(i)=  --

(l)N,.r/~,,r --t>itis  - d:irk) ‘
1: IIllcp,raliml  time for cacl  I image. slil:c,

I~igLircs 3A-I)  iiiustra[c.  rcficdmm rc.suits of (ilis mclimi.  ljigulcs 3A aII(i 311 arc for IiIc. l~lNc coior target aII(i

figurm 3{: an(i 31) arch lhc rczi color Iargcl. ‘1 ‘M rc.wlls of ll]is talc.ulal i(n) arc. c(m)i)al-c41  wili) liIc  1 .absphc.r’c  talgcl
c.alihation  (iata in ali figure.

Visildc 1 C’1’lis (400-720” nln) kgin 10 Iransnlit at -740 nm as tlIc imlarimrs  bcgill to faii. lrl figure.s 3A
awi 3(:, a cuslom hol mirror  is acklc.d mc4i lwl it aiso IuI I IS back (MI Imr 100011111. l{vi(icncc  of the lc.akagc. IM(McmI

is scfm  in liIc. Ovcrcoml[illg  ofpimkms  across (1IC cnlirc  wavclcxtglh ran:c. 11) micr to ])JcvcJ]t !1]0 “blue Mow u])’>
aII(i  tlIc, Ovc.rcounlil]g  in lim rc.(i rc.gi on, using a imiscr  film is [i ncmssily. III li~urc.s 311 aII(i  31), llIc II(M mirmr was
])airc41 wilil  a Sciwt[ 11(;18 glass filkv. ‘i”hc iml nlirm atl(i filler ghss  collli~iilc.  wc.il wi[il [i)c fii[cr 10 Mkc away [I]c
imhic]]l of Ovcrcom)lil]g  of i)lmlm]s arI(i icavc. llIc irlslrunlcnt tlll(lcr-r~:ix)  rlillg  tlIc (argcls by a fcw Iwrcctl[.
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l)ata  Acquis i t ion  and Sys[cIm  l)esign

WC Cuncm[ly  have a da~a acquisitiml systcm ill the advaaccd {Iclrc.l[)l)l]lclil  slage.s. VisLml  (:+ +, runllin~ ill
Windows m a 1’(:, is hcing ascd to dcsigtl ml implcmmlt  an i]ltcrfac.c.  for lhc user’s. An illamiaalioa  c.alcalation
]Mogram ia 11)1. dctcrminc.s (IIC. CXpOSaI-C.  liam asil]g a Sll)all iln:igc c.ulw lakcll will) II]c acquisitiml roulillc ald
writes out a hcadc.r file,. JJ’1 Jmagc  (oar Visual ~++ progmal) rcmls  tlm hc.adcr file wri[m by [IN 11)1. illumiaa(im
pm.gIam  and usc.s it 10 C:]JJILIIC the data cube. J1’1 .lma~c works with out ().4 -().7 mm a]d 0.6- 1.1 mm fillc.rs ald
sc.vc.ral camcm. 1( allows for dire.cl coalrd of tlm fi Ilcrs aaci ml ncr:is. 1 Mla collccliw ] I csul[s il I individual image
frames or imafic, calm. 1 Mrk ad bias imging modes and a focus modem also avail al)lc. 10 the user.

11’aluIc  dc.vclolmmlt  of Ilm acquisilioa ~mgrwll is LIIKlc. Iway. S[q)s (Icsu ibcd atmvc. fol asil]g  alI 11)1.
rou[inc.  to calmla(c  tlm illamiaatirra curve, will bc. in[cp,ratcd ilm) the J1’1 1 I)MNC  pro~ram ill (M (Icr  (()  II Iakc. lIIc. (ia(:i

caJ)tlll”c.  alll(m(m)olls. ‘1’IIc fiwil cvolu[imt d JJ’1 .lma{:c wilt hc [o tarn it il][o fli~ltt soflwarc IIM[ will col]tro]  hc
spccIm~cM sysmn  on ihc. Rocky 7 Mars Rove.r.

Chmpacl spcCtmmctcls  arc useful ill really (ii ffcrud fici(is  of study Imaasc (im sys[m is c.asiiy
Ital]s]xwlablc  ami cm h usc4i ia applicalims  liml rcqu ire. inlafiillg  nearby or al a rcasoaablc (iislancc. ‘1’im sys[cm  is
in use. in l)lant I)ilysiology, ncuroicrgic.d  imaging, arcilachgy,  al)(i gcx)iogy cxi~crimcmls.

Olim applications for (ho syskm  exist in bio-llwiical  ilnagillg illciadi[lg Imlors,  dysi)lasias,  (ictc~lc(i
[illollgh  si)CL1l’Lllll,  OXilIIC.11’y  all(i  b]()()(i fhv, Wil:il bioiop,i(’all~” ;l(’[iVC lIloiCC.UICS  arc WilC.l C., :i(l(i  IlloIC.  AgI iCllllll121i

asc.s arc  aiso af)ua(ian[, iaclu(iiag wa[cr sltcss in i)i:tIlls-il  lig:iliol)  scim(iaiil)g,  ])lalIl l]callh  - is ]Jl]olosylllllc..sis
Occur(illg,  croi) i(icm[i  fica[ioa, imrvc.sl itlg, ami mmlitorit lp. ])lai it (iiscasc. all(i a])plica[iw]  of ~mt ici(ic.s all(i IIcrbici(ic.s.

1 ,(YI ‘f i siml[omc[c,rs arc. low ]mvc.r  ald mass alak ili~ i[ ~J:irlicul[irl  y uscfu] for s~mc-b:isc<i  :i])jtlica [ions.
1 ,iciaid crysl:il  lunablc fillers can bc. hill for simific :ily)licalimls ily cll(msillr,  lilt. Imlld]xlss  C.:ll”C.flll{~,  aliowing
scicm[isls to ]owcr the cos[, sire, aa(i mass. ‘1’hc baa(iixlss Gin bc ]M[ic  as wi(ic. or as win ow as ]lcmic(i. Not till
a]~plicalioas  IIccli a 1 (J-bil c.amcwi, so dif(’crcnt catlmras c[ill aiso tm choscII for si)cciflc liiSk S.

A ]MoIotyI)c iaslrumc.at  is hc.ill[: cic.sij:[[c.(i :ili(i imii( rw ti)c l<ocky 7 MaIs l{ovo (Ic.l]lo])str:i[io]l”  lmjcd. A
] ()-bi[ CUS1OIN A1’S (aclivc. pixci scmsor)  camra cm])icli v’it il a comp:ic[  ims  (O])lilnimi  for tim 1 C:’I ‘f’) wiii bc ascci
for image C:ii)lurc,. Rc.packacing  of ii visible. 1 ,(:’1’1(  will 1c4iucc I1]c. sim atd ll~:iss Or lhc ills[rumcill wllicll  wiil Imvc
[i Lol;il Illass of ap])roximiilc.iy 800  grams. ‘1’(M1 I)ou’cr  rc.qaim(i  for lIIC illslrutllc.]it is 1-2 W:il[\. ‘J’hc. flllc.1 ilsclr
dr:iws  no lmwc.r  wiliic. lhc I .C;’J’l: taniag voi(agcs :ilr lc.ss Ilma ?() Volts; lllc only iww’cr  ioad collm flom llm contlol
cicc.bonics.

Kxamples of Applications aIId I{ CSUIIS

‘1’lm first N d [hc c:ia]c~-:i  spc.dromclcr was illiaf:illg  of tltc lMd Sca Scmiis (l~SS). h’lany  d’ Ihc  llSS
ilavc fa(ic4i mm’ lime. and am iiicgit)ic.. ]IIIagc.  cubes of scsc.ral flafpncnls  Cxid;iild  wily iafr~irc(i pilologrtii~ily  yici(is
mm icgiblc. images li]aa visit~lc ]~tlotc~gili])ily.1 ill a(i(iilion,  w’c dcvclqd ii silni)ic, syslclll fw illlagi[lg  :il 9-/0 all)
(maci~ far(imr in tim NIR ti]:in i“i in]) that pmvidc.s  rcai[ia  m ilna[~,cs rc.a(iy  for (ilc. [CX[ scimiar. ]Ina[:cs  froal ii 1994
ficki cxpcditioa to Jcmsalcm have two! uscii as tile ba<is for a lmv tr:illscriI)liotl  ali(i ]-CC.•  DS{I Llc.timl of all inl]xw[all[
1)SS,  IIN GcImis  Apoc.hryj)im]].

1 llccliag, mol]i(oring, an(i sl:iging  of pcrimiml[:ii  disc.:isc is hcinf: sludic(i  wilil [iic spcdromc[cr.  (;tlrrcnl
sl:igiilg  of gingivitis is rdalivcly  CiU(k :in(i subjccl  10 c:ich  il)(iivi(iu:ii doclor’s  ol)itiioll. ‘Ihc r(~.Lis d Ik shKly  is 10
(iclcrmiac.  qaaatiralivciy  Ii]c shgcs  of giagwii discaw. ‘1’llis illcludcs bciag :il)lc 10 (ic[ccl :il)(i Illollilm ii]c p,iagiwic
Ilamgimul  tim u c:ihnca[  ]mcc.ss.

A mclimd of {ic[c.rmiaiilg  [hc tilic.kacss of icc 011 ail o afl slllf;icc.s is hcin~ dc.vclol)c(i.~ S\ KXIIii  dlcd:tacc
v:irics  will] tlm dci)til of icc :ind/or wfilc.r  on [i klowll  :ii[cr:ifl  sil(fiicc  nui[cri:il (lyi)ic:iily, :ililmillLlnl), ‘J”llis  is
:iccomplisliwi by looking a[ Iitc wawr and icc absorl)i  im] bal)(is bclwm)  900-”1 1 (N nm. Wilh lIIC usc of an image.r
(sLiciI [is ti)c. 1,0’1’ sj)c.clrol~]c.tc.1), tim ti~ickncss of icc over :ia :itc:i call Ix nmi~jmi oat, Also, icc c~in Ix (ii ffc.rcat i:itcd
from waler hc~:iusc. ils sl)cxlr:il rdkdallcc  is (i irfcrcal [tom lh:t[ of wam.



., ,.

All cxpcrimc]i[  in ful]cliorml  tmin  ma])l)i]lg  Llsillg dlc conqmc( spcclromclcr is or]goillg  at this [imc. A
funclimml nmppillg of lhc br:iin  call bc dorIc usi[lg  (I]C Slmclral si~na(urc, 10 cordalc wilt] kIIowI) tlislo-]):~lllol{)gy.”

III lnacdcrni:t  IILI( l)arvc.s(illg,  lhc syslc.m  GIII bc 11sc41  ill gra(lillg  llIc  rIu[s. Llsil)g llIc  sl)cClOIIlclcr  10 gra(lc

llIc. nuls  will simplify llIc. sorling  pmccss,  allowilig qLlickcr p oductiml  1 imcs.

1 ‘ulurc  work inclu(lcs the complcli(m of lhc. autormrmus dala acquisit io]l syslcm;  [lIc rcyadaging  of h
filters il]k~ the. smnll, low ]nass package to hc used on h Mnrs mvc.r; ald the (lcl]]ollslr:l~io]l”  of hc. tcdltm]ogy on
Rock y ‘1.
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